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Abstract

A method to determine the variance of statistical fluctuations for instruments
used in the registration of the cosmic radiation - the neutron monitor, the duplex
cubical counter telescope and the directional telescopes - is presented, The
standard errors of data from cosmic ray instruments are estimated. The results
are compared with the standard errors calculated from the theoretical Poisson
distribution. It is stressed that the Poisson distribution will give an under-

estimation of the standrad errors.
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System of notations

The following system of notations is used:

In the population:
D(x) The standard deviation of the variable x

D2(x) The variance of the variable x
E(x) The mean of the variable x
C(xy) The covariance of the variables x and y.

In the sample:

82 The variance calculated from the sample

S(x) The standard error of the variable x

x The mean of the variable x
~ indicates estimation
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I. Iptroggqpiqn

In dealing with investigations where counting tubes are used, it is common
to assume that each observation is dravn from & Poisson distribution. It is well-
known that a series of random events will give the probability that n events will
occur in the interval t (for instance Curran & Craggs, 1949).

% D = At
P(X = n) = ,iiﬁﬁyinmm_ (1)

where 2 is the average number of events per second. As long as the events will
occur at random, which holds for most radioactive processes and for cosmic
radiation, the Poisson distribution will be theoretically exact. This problem has
been theoretically discussed by several authors (Bateman 1910 and Fry 1928). In
connection with Batemen’s paper of 1910, Rutherford & Geiger (1310) made their
famous experiment on the distribution of K -particles from a radicactive sample.
The result showed good agreement with the Poisson distribution.

This gives the variance of the counting rate N

(X)) =N (2)

The discxrete Poisson distribution called "the law of small numbers", is skew
for small values of A t but when increasing Mt the distribution forms more
symmetrical and will soon be epproximately equal to the continuous normal
distribution. According to Wolfenden (1941) the skewness of the distribution will
be negligible for

M =NZ2 10

In registrations of cosmic radiation the use of counting tubes are common and
for error calculations, the Poisson distribution is of basic importance. One
must be aware that this estimate will only take care of the true random variations
in the number of particles. It is sometimes used uncritically, regardless of the
existence of other types of errvors which may be introduced by the instruments end
during the data processing.

In this paper the standavrd errors of cosmic ray data from different instruments
are calculated and the results are discussed and ccmpared with expected theoretical
values.

II._Statistical treatment

There are difficulties in erro:r calculations of time series analyses. The
general formula for theestimation of the variance is:
n
22 1 -2
D(x):—Z(x-x)
n-1 =1 i

If tbe variasble x is a function of time, the result will be an estimate
including both the time variations of the varisble and the statistical random
fluctuations. Thus this method will be unsuitable for our purpose.

Mc Cracken (1958) has chosen & very calm cosmic radiation pericd for such
a calculation and got a fairly good estimate £ the variance ?P(x) due to only
statistical fluctuations, although the existence of a daily variation and a
possible 27-day variation will result in overestimation of D2(x).

To pass these problems thare opens a possibility by the IGY recommendations
to divide the cosmic ray Instrumente in equal sections to get an unbroken
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continuous registration. By serving each identical section of the instrument
through a complete set of electronics a good defence against an all-over break-
down is offered. Each section is working to some extent as an independent
instrument. Only the power line is common. The sections are measuring the same
phenomena. By calculating the differences or the ratics between those two sections
we have a method to get the statistical random fluctuations.

Each observed value can be written as

N=E(I) + £,,(P,T) + £, (nI) + £ (3)

the true mean of the intensity of the cosmic radiation during the
period of observation

£, (P,T) = the atmospheric influence of the cosmic radiation thewe the pressare
P and the temperature T are functions of time.

where E(T)

AI) = the time variation of the primary radiation. We assume that the
variation at the top of the atmosphere is proportional to the
variation at the sea level for constant atmospheric parameters
(Ehmert).

& = random variable due to statistical fluctuations, which will consist
of both the Poisson error and the instrumental errors.

We know that E (£) = 0

There exist different theories of the atmospheric influenocco of the radiation
(Dorman, Duperier etc.) but for this calculation it is sufficient to use the
simple linear form of the wellknown Duperier’s formula

dN = K gP + Bar + ¥dH (4)

dN is the difference between the observation and the corrected value; dP, 4T and
dH are the differences between the means and the observed values of pressure,
temperature and height respectively, to a certain pressure level (100 or 200 mb);
X , 8 and ¥ are constants.

Our knowledge of the time variations of the primary radiation is limited. We
know to some extent the periodical variations such as those with periods of 24
hours and 27 days but the nonperiodicial ones, i.e. Forbush deoreases, are still
uncertain.,

The two identically built sections record the same radiation. We introduce
the ratio between the true counting rates:

fa(

- —(—;E(I") (5)
Iyi E Iy

where Ix and Iy are the number of counts in the resp. sections due to cosmic

radiation when the atmosphere is supposed to be constant from time to time.

z 1s the number of counts recorded in one section that due to multiplicity in
the instrument will be detected in the adjacent sectiétn simultaneously.

The time variables P, T, H, z and I_ are not true random. For a longer period
the distributions of the variables tend Yo be symetrical around the mean. P, T and
Iy are independent and we assume that their covariances will be negligible. This

will not be too misinterpreted, especially as we in the follwoing arc using the
differences of (x-y), which will reduce the influence of existing covariance

term. But
z = f) (Iy)

AH = f2 (oP)
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In the following the symbols D, E and C will mean the varianse, mean and
covariance independent of the variables are true random or not.

We know

E(2P) = B(AT) =E(aH) =0

The registrated values from each section are divided by using eg. (3), (L) and
(5) for a certain time

= 1,8 ¢ <! - -
x = le +z) +(le+ z))®a P+ AT 4+ gaH) + £

= o, g &
kIyl +zy +(kIyl + zl)( 8 P+ /EATl + xAHl) + &

Y, = Iyl + oz, 4 (Iyl + zl)(-'A ) P +/354 T, + KAHJ.) + :S'y
we have:
E(x) = kE(Iy) + E(z) (€)
E(y) = E(Iy) + E(z) (7)
We form:

A= 20%(P) + 2 %0%(1) + ¥ 202(H) + 2X ¥ C(PH)

and . “
D2(x)uk2D2(Iy)+D2(z)+Aik2E2(Iy)+E2(z)+k2D2(Iy)+32(z)j +2k C (Iylz){hA}
+ 2kD?(B)E(Iy) B(z) + D°( € ) (8)
DP(y)=0R(1 rP(z)+h | B2(1 WER(2)+TP(1 )+rR(z)) +2C(L. 2) {144
Yy b Yy Y - Yl
+ 2 0P(P) B(1,) E(2) + p%( ey (9)

Clxy) = KDB(L) +0%(z) +A § KEZ(T )+E2(2)+kD2(I WIP(z)} + -
y ‘ y y }

[e(re) fa+8) +0%(P)E (1) B(2)] (1) (10)

B(x~y) = (k-1) E(Iy) = M

0%(x-y) = D%(x) + 0%(y) - 2 C(xy)

where
Clxy) # 0
as x and y are correlated. Eq. (8), (9) and (10) give:
DP(xyleen)? [oRr)e (22 wiP()) ] s0P(e prP(e ) (11)

2
where(k-l)a i {E_(Ix) - E(Iy)} i ¥
(1) (1)




~5-

We are interested in the distributiomsof 5 and & ¥’ which describe the tiue
random fluctuations.

Ratio: We form

x kI . + 2, + (kI l+zl)(d<APl +pATl + z;AHl)+ £y

e SRR 2 1 . —

¥y Iy1+ 2 +(Iy1+ zI)Tic Py +/9L\T1+3¢.H£)+{},
The variance of a function F(xl Xy Xg = - - ) can be formed (Kendall)

D2(F)=Z { (—g—i;) 2 pe(xi)} +Z {-;—x-; c (xi xk)}
vhen 1 # k

2
? (&) = 51— P + L Py) -2 ——E—%‘l— (e(x)-E(x) 53]
E (y) E'(y) E(y)E

Ir Iy and kIy >> 2z and k= 1 we can write:

p° Sk;L [D (2)+ A{E (z)+ D (z)}] {n (€ JnfrP( e )_\ (12)
Y

1

Ifweassumez=D(z)=0
[P e+ e (13)

of (x y)
Remarks:Due to eg. (11) the varianceris dependent of k, the atmospheric effects
‘and the variations of the primary radiation.
The distribution ol the ratio can be assumed approximately normal undexr the
following conditions:

E(Ix) and E(Iy) > 0
Ix and Iy» &4 and & ¥ respectively.

2 ,x
D (2) =
(V E(I)

This is fulfilled in most cases when we are dealing with obgervations of
cosmic radiation. The variance is due to eq. (12) independent of atmospheric and

-¢osmical variations for z = O.

ITI. Discussion of errors introduced by the method of registration

In registration of cosmic radiation it is ~ften useful to scale the date
before the recording. The registered value is sometimes rounded off to make the
following data processing as simple as possible. The factor used in scaling and
rounding off is chosen according to the counting rate. We shall here discuss the
errors introduced by the methods.

Scaling: Scaling can be made in different ways but at continuous registration it
is a rule to scale without zero resetting. This means that all counts arrived in
the scaler and not scaled is carried over to next period of registratiun,

We assume at the time of registration a fraction of m, the scaling fector,
consisting of N_ counts has arrived in the scaler and will not be registered. The
following regis%ration will then start with Nf counts. For one registration we
write

x, = le 4 Nf - Ne
vhere mN, 1s the number of ccunts, which are registered as scaled. N and N can be
agsumed “as jindependent. We form

E(xi) = mE(Ni) + E(Nf) - H(Ne) (1)
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pP(x,) = P(w,) + 72+ W)+ 2 (N, (4 x,)] (25)

To draw conclusions of the corrections, which must be applied to the variance of
the scaled distribution to get the true distribution, is rather complicated. The
influence of the covariance term is dependent of the shape of the distribution,
the magnitude of the scaling factor and hew the group intervals are situated in
the distributinn. As long as the scaling unit is chosen small compared with the
standsrd deviation of the distribution of x the influence can be negligible. In -
this paper all observations ave scaled with a small unit and no corrections are
made.

The distributions of N and N_ are discrete with the range (O,m). If the
distribution of x 1s approx?mately symetirical, which is the case when the period
of observation .is long, we can assume that

E(Ne) = E(Nf).

Thus the method will not introduce any systematical exror according to eq. (1h4).

Rounding cff. When tabulating data it is often useable to round off the data to
simplify the follwoing data process. Eq. (14) will then be formed when q is the
rounding ~ff factor

B(x,) = qE(N,) + E(N)) (16)
The method of rounding off is chosen that E(N ) is as close to zexo &s possible.
One method of rounding off -of'ten used is, thaf all values ended with

N
=2
q

roj -

are increased with one unit. E(Ne) is nhot exactly zero but the difference is small.
The distribution of,Ne is discrete with the range

(-3 + D

In this paper no rounded off values avre used.
Influence of the recording time. As yet we have assumed the time of the recoxrding

as gero. It is desirvable to hold this time as short as possible. Phologrephic
methods are then excellent but mechanical printing counters are difficult to build
with short printing time. During the time of recomding process there-isa probehility
that a.counts has arrived in the scaler. The mechanical counter is not cpen for
counts during printing and a unit is in this cese missed. This will wresult, that
E(N.) « E(N_) in eq. (}4) and a systematic error is introduced. As a rule the
tim£ of priﬁting is small e.g- the mechanical counters used for the counter
telescopes at Uppsala and Murchison Bay have a printing time of 0.8 sec. For Fhe
international cube, which has a ccunting rate of each section of about 5 x 10"
counts/hour, every tenth recdrding will-miss one unit. The introduced rystonatical
error will bte of ti= magnitude ~f 5 per cent of m.

IV _Results:

Neutrun meaitor: In order to get on astimation of ‘he standexrd deviaticn of

- wm wm em ee ea - e

the tTue statistical fluctuntious for an IGY standard rcutron moniter (Simpson
1953) data from th-ee different staiions have been used.



-7-

lat, long. Altitude Mean counting rate
per hour
Murchison Bay  80°03°N 18°15 £ Sea level 26000
Uppsala 59°51 N 17°55 Sea level 25000
Mt. Wellington 42%5’s  147°14“E 725 m 18000

The stations are all equipped with neutron monitors built after the IGY
recommendations in two sections, each served by a complete set of electronics.
Great care has been taken to use such periods for the calculation, when the two
sectiens of the instruments have been working without change of comnting. Diagram
1 shows M for 10-day periods from the three stations during the periods used in
the calculations.

The differences between the two sections are calculated for one-hour values
uncorrected for atmospheric effects. We then have the sample mean and variance by
the usual statistical formulae:

d= % Z(x-y)

2 1< -2

8" (x-y) = = £ (a-d)

where 4 is the difference. We estimate
d=E (x-y)

2 (x-y) = 5;—1 0° (x-y)

For large values of n we find that 32 is a good estimate of D2. This haeppens
in most cases in this paper.
The standard errors are calculated from

S

s(d) = 1;; (17)
s(s%) = %’-‘ (18)
s(s) = §§-‘l (19)

These equations are valid when the variable is drawn from a normal
distribution. Diagram (2) shows the distribution of (x-y) for Murchison Bay with
the normal distribution fitted. As seen the distribution can be dasumed
approximately normal.

Eq. (11) shows that calculating ° (x~-y) the result will be an overestimate
of
(e, + () -

ggr M ¢ O, We can calculate the cegree of overestimation if we know M, E(I ),
I )) Dz(P)’ DQ(T)’ lﬂ(n),d F, and ¥ .
For the neutron monitor:
f=y =0

D (P) and n? (I ) are more difficult to estimate. Meteorological ressrds give
information ofYD2(P). For Stockholm, which is a typical sea level station at a
middle~high latitude, a mean covering 10 years gives

D(P)» 12 mb

This value can be expected to increase during summer and decrease duriug winter.
The variations ere small,
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D2(I ) is the variance of the primary radiation and will vary greatly
accordingyto whether the period choosen for the calculation is cosmically calm or
not and at which latitude the station is situated. Diagram 3 is_drawn for the
stations at Urpsala and Murchison Bay for different values of D2 (I_) and D-(P).
Following assumptions are made: v

E(Iy) = 12500 counts/hour

A = 0.73 $/mb
D(Iy) = 100, 500, 1000 counts/hour
D(P) = 9, 12, 15 mb

From the diagram 3 it is easily shown that for small values of M the
overestimation will be negligible. If we can accept an overestimate of 1 per cent
of

2 2
D(E,) + D (€,)

€or Uppsala and Murchison Bay ~ 400 counts/hour) we can use M < 200 counts/hour.
Table number 1 shows D2(x-y) for separate neutron monitors. The result shovs
poor agreement with the theoretical value given by the Poisson distribution.
According to Mc Cracken (1958) this is due to multiplicity of the particle
production in the atmosphere as well as to star production in the moritor itself.
He has shown theoretically how the multiplicity gives a higher value of the
standard deviation than expected from the Poisson distribution. He used experimental
values from a small two-counter moaitor and found the standard deviation of the
distribution: =
B(N) = 1.13 VN

where N is the counting rate. He made a rough estimate for a standrnrd I.G.Y.
monitor consiting of 12 counters
D(N) = 1.2 VN
A mean covering three periods from Murchison Bay and Uppsala which have monitoxs
of similar appearance and electronics give
D(N) = 1,181 VN
The result shows good agreement with the one of Mc Cracken. The result from Mt.
Wellington can not be immediately compared with this value as M = 462 counts/hour.
We can then use the ratio between one hour observations of the two sections
to find the Aistribution of €_ and Ey' By calculating D2( ;) we get an over-

estimate of o
(&x)+ka(£y)

‘4

from eq. (12) due to z. Now we know that z is only a small fraction of the counting
rate according to Mc Cracken (1958).
We assume:
z =>4 per cent of the counting rate
D(P) =10 mb
oA =0.7 per cent per mb
D(z) =n(I )
which give aVnegligible overestimate. Eq. (13) can be used.
Table 1 gives the result from Mt. Wellington <or the calnulation of the
ratio_ .
D(N) = (1.25 * 0.02) VN
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This value is markedly higher than those from Uppsala and Murchison Bay. The data
of Mt. Wellington are scaled with a factor 64 while the Uppsala and Murchison Bay
data are unscaled. The correction of the "scaled" variance to get the "true"
variance is difficult to find as seen in a preceding section. However, the
correction is small. Shepeard’s correc*ion for the variance -1/12 m2 (see Cramer
1945) gives a rough estimate.

The difference between the calculated variances indicates that D(N) is an
ingtrumental constant. The method used to estimate the variance, will include all
statistical errors introduced by the method of registration, the Poisson error as
well as the instrumental errors. The neutron monitors may differ in appearance
and electronics, which can cause a variability of D(N) from one station to
another and of course also from time to time according to the condition of the
instrument.

Counter telescope. The variance of the statistical fluctuations for the duplex
cubical counter telescope and the directional telescope are calculated by the same
method as in the section of the neutron monitor. 2-hour values uncorrected for
atmospheric effects from the two stations at Uppsala and Murchison Bay, which are
equipped with a duplex cubical counter telescope built after I.G.Y. recommendations
and a telescope for east and west directions, are used. Descriptions of the
instruments are found elsewhere (Sandstrdm, Dyring, Lindgren 1960). As in the
calculation of the neutron monitor great care is here taken to chose periods of
observations where no changes in the counting rate occur. It is sometimes

difficult to find such reliable periods for counter telescopes due to their
construction.

Duplex cubical counter telescope. Fig. 4 shows the daily mean intensity during

the periods used in the calculation for the international cube. If there exists a j
difference between the counting rates of the two sections D2(x-y) there is an '
overestimation of the sum of DE (€.) and D° (£ ) acc. to eq. (11). For the

duplex cubical counter telescope we*assume: ¥

A = 0.15 per cent/mb

/3= 0.1 per cent/ (200 mb level)
¥ = 6 per cent/km (100 mb level)
D(P) = 10 mb
D(T) = 10°% (200 mb level)
D(H) = 0.5 km+ (100 mb level)

Correlation coeff. (PH) = 0.5
B(1,)= 10° counts/ 2 hour
D( Iy)= 5000 counts/2 hour

These values are roughly estimated. For a maximal overestimation of 1 per cent
we can allow

¢z
M £900 counts/ 2 hour

The result of the calculations are shown in table 2. The mean over all periods for
each station gives _

Uppdala D(N) = 1,118 \'N
Murchison Bay D(N) = 1.277 VR

Directional telescope.The instruments at Uppsala and Murchison Bay have eight

west one even numbers. Figs. 5, €, and 7 shcw the daily mean intensity during the
periods used in the calculations. We make roughly the same assumptions as for the
international cube a part from

D(Iy) = 3'10h counts/2 hour
D(N) = 1500 counts/ 2 hour
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Then we may allow for 2-hour values
M= 500 counts
for a maximum oversstimation of 1 per cent. The fouv channels of each direction

give six sets of differences. Only two are independent. Thus we have six equations
and four variables & %’ éy’ Ez, < v by the common least square method the variables

are estimated. The results are chown in tables 3 and 4. The mean over all periods
for each stetion give
1,102 ¥ N

Uppsela D(x) _
1.167 V¥

Murchison Bey D(N)
Remars. The influence of the multiplicity (Mc Cracken 1958) is smaller for a counter
telescope than for a neutren monitor. The time dealy between mesons produced by the
same primary pavticle, which can be detected in each counter telescope section,

will mostly be small. The resolving time is not sufficient to separate particles
derived from the same primary. The locel production of mesons is also small. Thus

we can expect a closer agreement to the Poisson distribution for a counter telescope
than for a neutron monitor. Still the results do rot indicate this and we find
further a difference in the variance cf £ from Uppsala and Murchison Bay and between
different channels of the same instiument as well as from peiriod to period. This
indicates that the standard deviation of & is an instrumental constant. The countexr
telescope, which is equipped with GM-counters, univibratovs, sharpeners, coincidence
circuits and scalers, introduces exrrors due to resolving time, spuiious counts etc.,
and are comparatively sensitive to changes in the poweir line and trimming corditions.
These types of errors are more prominent on a counter telescope than on the neutron
monitor.

The station of Murchison Bay was situated in an area with haxrd weather
conditions and its elect:ric source was diesel-engired generators. Compared to the
more quiet conditions of Uppsala it 1s not surp»ising to find a higher variance of
€ for Murchison Bay.

It must be stressed that the periods of calculations are very carefully
chosen. As a rule one is forced to accept data with less accuracy to get continous
registrations. Thus it is obvious that the Poisson distribution a  counter telescopes
gives an underestimation in calculating the standard errcrs of the data.

LI

Pressure of the atmosphere. To correct the cosmic rey data for atmospheric effects
it is necessary to have ccntinuous registration of the atmospheric pressure. At the
cosmic ray station of Uppsala this 1s made by a precision aneroid barometer, which
is photogcraphed simultaneously with the cosmic ray recording. The mean pressure of
2-hour periods 1is calculated from

/ ;1

Pn(PO ¥P1+P2) 3
vhere P, P. and P ave the measurements at the start, in the middle and et the end
of the gohour period respectively.

At Murchison Bay a 2lU-hour barograph was used, which every third hour was
calibrated by a standard mercurial barometer. The 2-hour mean was taken directly
from the barograph registration. This method is better than the method used at Upp-
sala when the pressure variations ere non-lineasr. However as a rule the differcnce
between the methods are very small.

To get an estimete of the variance of £ for pressure data we have calculated
the difference in recordings from the Uppsala Cosmic Ray Stntion and the Meteorolo.
gical Institution of Uppsala Univevrsity. The two staticns are lying about 3 km apa:t
and at the same height above the sea level. We assume that the stations registrate
the same pressure. The flata from the l'eteorological Instituticn is determined from a
2h-hour barograph which is correzted ty realings of a good mercurial taromete: three
times a day at 03.10, 14.10, and 20.17 L.T.. In the calculation only the values ot
08,2k and 20 L.T. have been used to ge: the best deteimined observaticas. The
registrations are indepencent and :r2 have
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~e 2 2
vhere C indicates the cosmic ray station and M the meteorological station. Fig. 8
shows the monthly mean and the variance of (PC-PM) for the year Oct. 1959 - Sept.
1960. For the whole year we have

D( £4) + D(€,) = 0.300 t 0.007 mb

The method of recording the atmospheri. pressure is supposed to be more accurate
at the meteorological station. We then estimate

’ﬁ(gc) = 0.2 mb

As a rule we want the mean pressure over a period e.g. 2 hours. The standard
error of such a pressure data will be dependent of how many observations are made,
the method used and the time variations of the pressure during the period.

Conclusions

-— e e e - g e - et —— — — - o - w— e g

periods during which the instruments are working reliably, € is a random variable.
D(€ ) is then the standard deviation of the € -distribution at a given true counting
rate N, equal the mean intensity of cosmic radiation during the period of observation
By taking the ratio between the calculated standard deviation and the standard
deviation estimated from the Poisson distribution we got D( € ) as & function of the
counting rate N. For simplicigy we write the moments of the £ -distribution in
this section as E(N), D(T), D(P) and so on, since the parameters N, T, P... are
assumed to have only random statistical fluctuations. )

The standard deviations in this paper are calculated from periods during which
the instruments have been working satisfactorily. From our results an estimate of the
magnitude of D(N) can be made for uncorrected data from Uppsala and Murchison Bay

IGY neutron monitor: D(N) = 1.2 VN
Counter telescopes: B(N) = 1.15vN

It has already been pointed out that these figures might differ from time to
time between different instvruments.

ground levels is a function of atmospheric parameters. To use these data in time
series analyses they have to be corrected. In this paper we use simple linear
Duperier formula end at a certain time we have

N, = N (1 L (y-Ry) + PUT,Tg) + ¥ (H,-H,) ]
vhere N_1is the corrected end N_ the registrated value; Pl’ T. and H, are the
observed values and P_, T, and B are mean values. In the foliowing 1?, T and H

indicates the differegces betweeg the observed values and the means. The erroz
varaiance of N is

D2(Nc )=D2(Nr) + D2(NrP < )+D2(Ner)+D2(NrH 7:)+2D2(Nr) B (20)

where _ - -
B =E(* )E(P) | 1+E( B)E(T) + E( x)E(H)] + E(PIE(T) | 4E(¥) E(R)| +E( ¥ )E(H)
and the variance of a product abc is

De(abc)=E(bc)D2(a) +E(ac)De(b)+}"(ab)D2(c)+D2(a)D2(b)D2(c)

we have z-.sumed all variables as indeperndent. This is not exactly true for P and H
bul their ceovariance term may be neglected. In the first approximation we may also
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neglect D2 (), D2( B), D2( ¥ ) and their products. We further use the following
error variances and constants:

52(Nr) = 1.4k4 ﬁ; IGY neutron monitor (from this paper)
ﬁa(Nr) = 1,30 ﬁ; Counter telescopes ( -"- )
D%(P) = 0.04 mb° (from Trefall, Nords, 1959)
B(m) = 5(°)? (- )
(1) = 25x10™ 1n® ( -"- )

~
o\ w 0,73 per cent/mb IGY neutron monitor
Iy

A

ﬁ ~¥ =0 M
ﬁ = +0,1 per cent/OC Counter telescopes
S~
¥= -6 per cent/km "

For long veriods when we can assume
P=T=H=20
the error variance of corrected value is

~ o~ -& 2
IGY neutron monitor: D2(Nc) = 1,44 Nr + 2x10 6 N . (21)
~ b A
Counter telescopes: SE(NC) = 1.30 N_ + 1k.1x10 6 N2r (22)

As seen from eq.(21) this is not valid when P, T and H differ from zero.

D(N ) is dependent of the true observed value of the atmospheric parameters. This
is cimportant when we want to calculate the standard errors of short period data
e.g. 2-hour values. Eq. (21) will then give the error variance. However, eq.(20)
and (22) will in many cases give a good estimate. The time variations of the
atmospheric parameters will affect the standard errors of the corrected data
according to during which period the means of the parameters are calculated.

Remarks: It must be pointed out the iuwportance of estimating the standard errors of
data with care due to which kind of analysis they will be used for. For fine
structure interpreting it might sometimes be necessary to make careful calculations
but on the other side rough estimates are often satisfying. The labour of the
error calculations must te weighted against the need of accurate estimations.
However, it must be stressed that the use of the Poilsson distribution gives an
undarestimation of the standard errors of cosmic ray data.
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Errata
_— .
In Fig. 8 is written S(PC- PM). Read D(PC-PM).

—y—
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Table 4 a

12/8 - 1/11 1957 £ 21/8 - 15/10 1957
5/11 - 9/12 1957 g 5/11 - 9/12 1957
25/12- 9/2 1957-58 h 25/12- 25/1 1957-58
12/3 - ~2/k 1958 1 31/7 - 1/9 1958

10/6 - 27/9 1958

Perioa &€ = 9%(e) | s2=%(e) | s |8F)
r P 5 »
acc. to ol
eq. (2)

a 30088 28747 1.16 0.03
b 36560 28226 1.14 0.05
c 33£08 29221 1.07 0.05
a 32309 28729 1.06 | 0.05
e 35858 28426 1.12 0.03
f 31741 28603 1.05 0.0k
g k31529 28203 1.21 0.06
h 55975 29354 1.38 0.07
i 35063 29012 1.10 0.05
a 31649 29206 1.04 0.03
b 35970 28835 1.12 0.05
c 53716 29803 1.3k 0.06
d 56751 29389 1.39 0.07
e 27737 29000 1.00 0.03
f 32391 2823k 1 07 0.04
g 23360 27846 0.93 0.05
h 41147 28833 1.20 0.06
i 28568 28377 1.00 0,05
a 39939 28411 1.19 0.04
b 30186 28153 1.03 0.04
c 31317 29226 1.03 0.0k4
f 33302 28407 1.08 0.04
g 32774 28122 1.08 0.05
h 27679 29340 1.08 0.05
i 32614 28235 1.08 | 0.05
a 4157k 29022 1.20 | 0.04
b 27629 28714 0.98 [ 0.05
c 29236 29784 | 0.99 | 0.04
a 30082 28735 I 1.02 0.05
e 35277 28417 | 1.11 | o0.03
f 37382 29185 ; 1.12 0.0k4
g 35408 28605 il.11 0.05
h 36358 29904 | 1,10 i 0.05
i 41392 ! 28217 [ 1.21 0.06




Table 4 b

— e o e we e e ws ow e

a 14/9 - 10/10 1957 d 13/9 - 10/10 1957
b 29/12- 21/2 1957-58 e b/1 - 28/2 1958
c 12/5 - 14/6 1958 f 18/4 - 17/5 1958
Channel | Ferioa (8% = %P(¢) | £=5%e)| s | 8&)
1 3 S
acc. to P
eq. (2)
N T SRR S |
1 a 35301 29336 1.10 0.06
b 31752 30301 1.02 0.04
c 3200k 29211 1.05 0.05
2 d 35811 29622 1.10 0.C6
e 55285 30452 1.35 0.05
f L0575 g2oLok 1.18 0.06
3 a 5059k 28750 1.33 0.07
b 34683 29797 1.08 0.0k4
c 41812 28711 1.21 0.06
L d 55182 28942 1.38 0.08
e 32515 29840 1.0k 0.0k
5 a 36538 29055 1.12 0.06
b Lo654 29955 1.16 0.05
¢ 47283 28856 1.28 0.06
6 d Lhhz3 28716 1.24 0.07
e 36245 29581 1.11 0.0k
£ 45925 28485 1.27 0.07
7 a 28470 29388 0.99 0.05
b 56978 30198 1.37 0.05
8 a 47228 28870 1.28 0.07
e | Loloh 29751 1.29 0.05
f | 36011 28772 1.12 0.06
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Fig.2a., The distribution
of (x~y) frow Lurchison Say
1/9=10/12 1957 with the
noraal distribution fitted.
8 in the lower scale is the
standard deviation,
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